Objectives: This study aims to investigate whether psychosocial workrelated hazards, measured by workplace justice and employment insecurity, are associated with depression and suboptimal health status in Taiwan's executive-level employees. Methods: There were 365 executives who have received a series of cardiovascular health examinations, blood sampling, and self-reported questionnaires, which included the psychosocial work-related hazards and the CES-D scale. Suboptimal health status was defined as the presence of dyslipidemia or prediabetes. Results: Executive-level employees perceived lower workplace justice and higher employment insecurity and had a significantly higher risk of depression (CES-D scores !16 or !23). However, workplace justice was identified as a significant determinant factor that was negative for dyslipidemia but protective for prediabetes. Conclusion: This study supports the fact that psychosocial work-related hazards can independently contribute to the risk of developing depression, prediabetes, and dyslipemia in executives.
A s a result of globalization, several companies have been forced to undertake mergers and downsizing in addition to introducing temporary or contract-based project employees. 1, 2 Like all social transformations, these changes may potentially affect the health of individuals and general population. 2 Therefore, psychosocial work hazards have been the focus of a large number of studies during the past few decades. Recent epidemiological studies have shown that both employment insecurity and workplace injustice are important psychosocial hazards of stress-related illness in the workplace. 3, 4 Job insecurity has been defined as an employee's perception of a potential threat to the continuity of his or her current position and the everyday experience involving prolonged uncertainty about the future. 5 Hence, employment insecurity can be considered as a work stressor, which has been found to be associated with poor health and could increase the risks of psychological problems. 3, 6 Workplace justice is generally defined as workers being fairly treated in the workplace. 7 On the basis of previous research, workplace justice comprises the following components: resources and benefits distribution (distributive justice), processes and procedures condition distribution (procedural justice), and interpersonal relationships (interactional justice). Prior reports have demonstrated that a lower level of workplace justice is associated with various health problems as well as mental disorders. 7, 8 The most common model used in prior studies to evaluate the associations between workplace justice and employee's health is the Demand-Control-Support (DCS) model. 7 The DCS model has three major components to describe the workplace qualities: demands (psychological), control (or decision latitude), and support (social). Workplace stress is thought to be the result of a mixture of high demands, low control, and low social support. Moreover, several studies have suggested that long work hours, interpersonal conflicts, underutilization of skills, inadequate rewards, and organizational problems are considered to be some of the major sources of job stress. 9, 10 Despite the fact that a great deal of previous evidence has shown that justice perception is associated with a higher risk of mental distress as well as poor self-rating health status, 11, 12 only a few studies have examined the relation between psychosocial work hazards and suboptimal health status, such as elevated serum lipids, 13 prediabetes, 14 and immune system diseases. 6 Furthermore, most researchers who have investigated the effects of job insecurity on health have focused on psychological morbidity as an outcome, often deduced as the only outcome. Few studies have looked at the effect of job insecurity and workplace justice on physiological measures. Moreover, there are only a few empirical findings that simultaneously associate health with both employment insecurity and workplace justice, primarily in Chinese-speaking working populations. [15] [16] [17] [18] In this study, we extended this line of research to explore the influences of psychosocial work hazards on both psychological assessments and suboptimal health status.
Taiwan is a newly industrialized country that has experienced dramatic industrial transformation and changes over the past decades. Psychosocial work hazards are a widespread public problem in most industrialized countries. However, there are few reports of such studies conducted on working populations in Asia. 19 In Taiwan, psychosocial work hazards have recently received public health attention, with one previous study investigating the association between psychosocial work hazards and health impacts among the general population. 19 To our knowledge, socioeconomic disadvantaged groups may suffer more from workplace injustice and uncertainty. 19 Generally speaking, executives tend to have access to more resources, 20 and perceived more workplace justice and employment security. 20 However, executives are responsible for upholding stakeholders' or owners' expectations and taking care of employees, which may increase their work-related stress. Not much is known regarding the actual health impacts of psychosocial work hazards on this group.
This study aims to investigate whether psychosocial work hazards, including employment insecurity and workplace justice, are associated with depression and physical suboptimal health in Taiwan's executive employees. The research modeling outline is shown in Fig. 1 .
MATERIALS AND METHODS

Study Subjects
Between 2009 and 2011, 689 adults in the age group of 35 to 65 years were recruited by a bulletin announcement to participate in a case-control study of work-and environment-related cardiovascular diseases as the control subjects of acute coronary heart diseases (CHD) in National Taiwan University Hospital (NTUH). 21, 22 Participants reported they were free from physician-diagnosed CHD, cerebrovascular disease, and heart failure. Three hundred sixty-five participants were employed as deputy directors of department or higher and volunteered for this crosssectional study. Among them, 160 participants were recruited from the Executive Master of Business Administration (EMBA) program of the National Taiwan University. Participants of this course came from different types and sizes of organization (profit, nonprofit, or government) and represented a large variety of industries. All participants of this study were less than 63 years of age and had a formal job. They received a series of noninvasive cardiovascular health examinations, blood sampling by qualified medical technologists or nurses for lipid profiles and glucose tests, and self-reported questionnaires, including demographic and health information, work-related factors [Chinese version of job content questionnaire (C-JCQ) and other work-related hazards], and the Center for Epidemiologic Studies-Depression (CES-D) scale in the clinic room at NTUH under a professional and acceptable ethical circumstance. The research design is shown in Fig. 2 .
Information on individual characteristics related to workplace hazards, including age, gender, employment grade, work experience, annual salary, working hours per week during the past 3 months (representing long-term work hours, which can be treated as chronic work strain), working hours during the past week (representing short-term work hour, which can be treated as acute work strain), as well as health-related hazard behavior (current smoking and habitual alcohol drinking), was collected for further analysis. Body mass index (BMI) was also calculated and included. Participants who had never smoked cigarettes, had smoked in the past but had quit, or were casual smokers classified as nonsmokers, while those who were smoking daily were classified as current smokers. In this study, we defined habitual alcohol drinker as persons who drink two or more alcoholic drinks per week.
The study was approved by the institutional review boards of the National Taiwan University Hospital ethics committee. All participants gave informed, written consent before recruitment. We created de-identified data sets to protect the privacy and health information of survey respondents by removing all information that could reasonably be used to identify the patient.
Questionnaires
Self-reported information on work hours and work-related factors were obtained from every participant by using a standardized questionnaire. The C-JCQ based on Karasek Demand-Control model has been validated and is widely used in Taiwan and was used in this research study. 3 Job control was assessed by nine items (learning new things, non-repetitive work, creative work, allowing own decision, high level of skills, freedom to make decisions, variety of tasks, influential opinions, and develop one's abilities) and job demands by six items (fast work pace, hard work, excessive work, insufficient time, hectic work, and insufficient manpower). The social support scales comprise two subcomponents: supervisor support (assessed by four items) and colleague support (assessed by four items). This model postulated that the combination of a high job demand and low job control might contribute to a higher job strain and increase risks of stress-related illness. A nine-item questionnaire for workplace justice was also included, which comprised three items for distributive justice, two items for procedural justice, two items for informational justice, and two items for interpersonal justice. All items were scored on a 4-point scale, ranging from 1 (strongly disagree) to 4 (strongly agree). For all the scales, scored of reversed items were recorded to make the items additive in the same direction. In previous report, Cronbach alpha coefficients of job control, psychological demands, and workplace social support had been verified of 0.53, 0.81, and 0.84, respectively. 17 For the purpose of analysis, employment insecurity was arbitrarily divided into quartiles on the basis of the scores of the participants, as less than 12, 12 to 13, 14 to 15, more than 15, and workplace justice was arbitrarily divided into less than 22, 23 to 25, 26 to 27, more than 27.
We used the Chinese version of the CES-D to evaluate the depression status of all participants. 23 The CES-D captures four domains of depression: depressed affect, positive affect, somatic complaints/activity inhibition, and interpersonal difficulties. 24 This questionnaire comprised 20 items, which uses 4-point Likert scales and asks participants to rate their emotion status over the past week, with total scores ranging from 0 to 60. For the purposes of this study, a CES-D total score of at least 16 indicated a depression mood; however, recent studies have applied CES-D score of at least 16 for ''possible depression'' and at least 23 for ''probable depression.'' [25] [26] [27] The reliability and validity of the Chinese version of the CES-D has previously been demonstrated in the Taiwanese population. 23 We classified all the participants into three groups, not depressed (<16), possible depression (!16 and <23), and probable depression (!23), using the commonly used cutoff scores for the CED-S.
26,27
Lipids, Lipoprotein Measurements
The concentrations of lipids, including cholesterol, triglyceride, high-density lipoprotein cholesterol (HDL-C), and lowdensity lipoprotein cholesterol (LDL-C), were analyzed using a homogeneous enzymatic method, coefficient of variation (CV) of 2%, with reagent kits (Denka Seiken, Tokyo, Japan). The analyses were conducted using a Toshiba FR-200 automatic chemistry analyzer (Toshiba, Tokyo, Japan). Serum total cholesterol and triglyceride were measured by automated enzymatic methods on the same analyzer (Toshiba, Tokyo, Japan), with a CV of 3%. Dyslipidemia was defined as the presence of both high triglyceride and low HDL-cholesterol using the cut-off from The Executive Summary of the Third Report of The National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults Treatment Panel III (ATP III) criteria: triglyceride level more than 200 mg/dL and HDLcholesterol level less than 40 mg/dL in men or less than 50 mg/dL in women. 28 
Oral Glucose Tolerance Test (OGTT)
After taking fasting blood sample, all subjects underwent an oral glucose tolerance test (OGTT) with 75 g of glucose loading, in accordance with the World Health Organization standard. 29 Then, venous blood samples were taken every 30 minutes for 2 hours following OGTT, and the results were classified according to the American Diabetes Association criteria: those who have less than 140 mg/dL (7.78 mmol/L) glucose were classified as normal; 140 to 199 mg/dL (7.78 to 11.06 mmol/L) had impaired glucose tolerance (IGT); and those with greater than 200 mg/dL (11.11 mmol/L) were considered diabetic based on the results of these 2-hour blood glucose levels. Fasting glucose values at least 100 mg/dL (5.6 mmol/L) and less than 126 mg/dL (7 mmol/L) were defined as impaired fasting glucose (IFG). 30 Prediabetes was defined as individuals with IFG or IGT or both. 29, 30 In this study, the plasma glucose concentration was determined using the reagent kits (Denka Seiken, Tokyo, Japan) with the hexokinase method and conducted on a Toshiba FR-120 automatic chemistry analyzer (Toshiba, Tokyo, Japan). The CV for plasma glucose was found to be less than 3%.
Statistical Analyses
Descriptive analyses were used to describe the distribution of demographic and employment characteristics between men and women. Continuous variables were expressed as the mean AE standard deviation (SD) and categorical data were expressed as percentages. To test significant differences between these two groups, the Student t-test was applied for continuous variables and x2 was applied for binary variables. The trend test was used to assess the associations and trends between psychosocial work hazards, including cardiovascular and work-related factors, with stratified workplace justice, employment insecurity, and depression.
To investigate the determinants of depression (possible and probable) and suboptimal health status (including prediabetes and dyslipidemia), univariate and multivariate logistic regression analyses were applied. The strength of association was expressed as odds ratios (95% confidence interval) for the outcome determinants. Initially, the univariate analysis was applied to examine the crude odds ratio of psychosocial work hazards that included job demands, job control, workplace justice, employment insecurity with depression, and suboptimal health status (including prediabetes and dyslipidemia). To clarify the relative contribution and rationale selection of these covariates, we performed three models of multivariate logistic regression analyses. Age, gender, BMI, and behavior factors, including current smoking and habitual alcohol drinking, were treated as confounding variables and controlled in the models. Model 1 only included the traditional JCQ components and significant correlated risk factors as the dependent variables. In Model 2, we added workplace justice and employment insecurity to explore the association between psychosocial work hazards and health. A stepwise procedure for the multiple logistic regression model was explored in Model 3. All analyses were performed using SAS 9.1 (SAS Institute Inc., Cary, NC), and a P value of less than 0.05 was considered statistically significant.
RESULTS
The demographic and employment characteristics are summarized in Table 1 . The mean age was 43.1 (SD ¼ 6.55) for females and 45.3 (SD ¼ 7.16) for males. More than 90% of participants reported having a fixed contract with their company (92.94% of men and 93.75% of women) and a fixed salary (93.13% of men and 94.62% of women). As summarized in Table 1 , the percentage of smoking and drinking was found to be higher in males. Male executives on average had longer work tenure and more working hours in the last week than their female counterparts. Compared with females, male executives reported to have higher control power and perceived more workplace justice. Tables 2 and 3 summarized the results of workplace justice and employment security, which were positively associated with higher levels of social support from both their supervisors and coworkers. Age had a positive correlation with workplace justice, whereas there was no significant correlation between age and security. It was also found that depression was significantly and negatively associated with both workplace justice and employment security, as shown in Tables 2 to 4 . Table 4 demonstrates that the scores of work demand significantly increased with CES-D scores. Furthermore, the higher levels of support from colleagues inversely correlated with CES-D scores. These data suggest that more experienced executives (as measured by longer tenure) may have stronger personal networks than new supervisors and subsequently have significantly lower CES-D scores (P ¼ 0.0037).) Moreover, longer working hours were not found to be associated with depression in the present study.
The relations between four domains of CES-D depression questionnaire and psychosocial work hazards are demonstrated in Table 5 . The results showed a striking effect of work hazards on depression scores. Executives who perceived lower workplace justice and higher employment insecurity reported a more depressed affect, somatic complaints, activity inhibition, and interpersonal difficulties.
As summarized in Table 6 , executives who perceived lower workplace justice and higher employment insecurity had significantly higher CED-S scores, than those who perceived higher workplace justice and more secure positions. In addition, younger supervisors were found to be at a higher risk for self-rated depression than older supervisors. On the basis of the multivariate logistic regression analyses, the results showed that both a lower score in workplace justice and a higher score in employment insecurity were associated with possible or probable depression. Moreover, stepwise analysis revealed that higher demand, lower colleague support, and higher employment insecurity were significantly associated with the probable depression. Older age and being male were found to be two protective factors for the risk of possible depression for executives in this sample; however, differences disappeared with probable depression. Moreover, higher occupational demand, lower social support from colleagues, and a lower workplace justice were significant determinants of probable depression. Table 7 illustrated the association between psychosocial work hazards and suboptimal health status. Higher BMI increased the risk of prediabetes and dyslipidemia, while higher workplace justice was negatively associated with prediabetes. Contrary to expectations, some interesting discoveries emerged from the analyses. Stepwise analysis for multiple logistic regression showed that job demand was negatively associated the prediabetes and the supervisor's support was positively related to it. Moreover, executives who 
DISCUSSION
Depression is an important public health problem and one of the leading causes of disease burden worldwide. 31 It is often comorbid with other chronic diseases and can worsen those health outcomes. 31 Several prospective studies have demonstrated the effects of depression or depressive symptoms on the development of CHD in a healthy population. 32 In this study, we demonstrated psychosocial work-related hazards; both lower workplace justice and higher employment insecurity were associated with depression assessed by the CES-D scale in non-CHD, middle-age executive employees. Another important finding of this study was that insecure employment was likely to be accompanied by higher job demands, lower job control, and poor social supports. Although executives may have high job demand, they also tend to have higher job control, which is different from the general working population. However, in line with previous evidence from general employees, 33 the psychosocial work-related hazards appeared to be a strong determinant of depression among executives.
In this study, we also discovered that older executive employees seem to gain higher interpersonal supports (Tables 2 and 3 ). These findings also highlight the importance of recognizing psychosocial work hazards for preventing psychosocial health in executive employees. 34, 35 In the past 20 years, Taiwan has achieved success in economic development; however, in that same time period, the prevalence of probable common mental disorders in Taiwan has doubled from 11.5% in 1990 to 23.8% in 2010. 36, 37 There is a high prevalence of depression among adults in the general population worldwide, which was the fourth leading cause of financial burden among all diseases in 2000. 38 The association between depression and poor health outcomes has been extensively studied for decades. 39, 40 Accumulating epidemiologic data also suggest that depression is a significant occupational health hazard, strongly affecting both emotional and physical health of paid employees as well as their performance, including short-term work disability, longer absences from work, poorer physical health, and negative perceptions about the abilities of supervisors and commanders. 41 Hence, work-related health problem has gained attention in several industrial countries. 6, [42] [43] [44] The association of psychosocial work hazards, employee's health, and depression has also been reported in western and Asia countries. 6, 8, 45, 46 These findings suggest that a working environment with reduced psychosocial work hazards, such as more employment security and higher workplace justice, should be put in place to improve the health of executives.
On the contrary, past research studies have shown that long working hours and short sleep duration independently contribute to the risk of cardiovascular diseases, 22, 47 In this study, we were interested in the short-term and long-term work hours to evaluate the differences between acute and chronic work strain. Results from this study indicated there were no significant differences between psychosocial work-related hazards and work hours; however, the executives who had more workload felt. The findings also suggest that executives may suffer from long-term chronic work strain, which negatively impacts psychosocial and physical health.
Prediabetes is defined as a high-risk state for diabetes that is characterized by glycemic variables that are higher than normal but lower than diabetes thresholds 48 ; also, hyperglycemia is a wellestablished risk factor for cardiovascular disease. 49 Eriksson et al 50 indicated that psychological distress could increase the risk of prediabetes and Type 2 diabetes in Swedish middle-aged men, while the increased risks were not present in women. Bugajska 43 also revealed that early atherosclerotic changes could be negatively correlated with one's level of global job strain. As dyslipidemia and prediabetes were associated with cardiovascular risk factors and seem to carry a higher risk for future diabetes and CHD, 48, 49 the present study showed that workplace justice was negatively associated with depression and prediabetes and also indicates that higher workplace justice may promote employee's mental health and reduce the risk of diabetes. However, the paradoxical findings of the positive association of the workplace justice and dyslipidemia, and the relation between supervisor support and prediabetes among executive employees in Taiwan requires further research.
The discovery that higher job demand was related to a decreased risk of prediabetes may be explained by the higher job control in executives, which may attenuate the effects of high job demand. A possible explanation for this could be that the person's coping style may also affect their stress-glucose control relation. 51 The executives' different response to stressful situations may be explained by the different physiological pathways for active and passive coping. Therefore, we propose that a proper, not less, work strain in terms of job demand could increase the performance of the executives and improve their suboptimal health status. Thus, an optimal job stress may be related to positive health outcomes.
Although gender differences were not the primary interest of the current study, we found that being male was a significant protective factor for possible depression and prediabetes in this study. Women have a lower social status than men in most societies, even when women and men experience the same stressors. This could contribute to women being more likely to develop depression because of gender differences in biological responses to stressors, self-concepts, or coping styles. 52 The strength of this research was to prospectively examine the psychological and physiological data to reveal the underlying asymptomatic suboptimal health in executive employees in Taiwan. This research also provided important evidence to support psychosocial work-related hazards, particularly workplace justice and employment insecurity, and increase the risk of self-rated depression in terms of CES-D.
There are several limitations in this study. First, the crosssectional nature of this study and the lack of causal analysis design limited the casual interpretation of these findings. More researches are needed to explore the effects and the potential mechanism of psychosocial work hazards and their relations with mental and suboptimal health. Second, as half of the participants were recruited from the EMBA course, although it was found to be representative, the results may not be generalized to the greater Taiwanese executive population.
We conclude that the results of this study support the hypothesis that psychosocial work-related hazards could independently contribute to the risk of depression in executives, while a proper work strain may benefit executives' suboptimal health. Longitudinal cohort follow-up studies and more rigorous measures might be a warranty to confirm the effects of psychosocial work hazards on the development of depression, diabetes, and CHD.
